Abstract
Introduction
Ecosystem models are mathematical representations of ecosystems development based on theoretical ecology aiming to characterize the major dynamics of ecosystems, synthesizing the understanding of such systems allowing predictions of their behavior, in general terms, or in response to particular changes.
Because of the complexity of ecosystems (in terms of numbers of species/ecological interactions), ecosystem models typically simplify the systems they are studying to a limited number of pragmatic components.
Ecological models are available alternative to answer questions related to environmental changes in the functioning of ecosystems due to the complexity and cost for experiment installation in the field [12] . Models have been developed in recent years for various purposes to understand the functioning of ecosystem. The research projects in the Amazon, most have concentrated their efforts in forests in order to understand their role as provider and consumer of the greenhouse gases, notably carbon dioxide and its relation to global climatic change. Many surveys are conducted in areas of the Amazon to know ever more about the net ecosystem of CO 2 exchange (NEE) by ecological models.
Simple Tropical Ecosystem Model (SITE) [12] could be classified as biogeochemical and biophysical and proposes to simulate mass and energy fluxes between the ecosystem and the atmosphere in a simple way. SITE is a dynamical point model that uses an integration time step (dt) of one hour, representing a point of land totally covered by an evergreen broadleaf forest [11] .
Research based on climate modeling have been carried out simulating processes of mass and energy between soil, vegetation and atmosphere, however, in many situations the complexity of the interpretation of these models involves a comparison of the measured data in the field with the simulated, in order to adjust the model parameters to improve their performance at specific ecosystems. Tropical rainforests are likely to play a prominent role in the global carbon cycle. Long term eddy covariance data serve well in quantifying the effects of seasonality, climate anomalies and phenology on CO 2 exchange, as well as for developing and testing models [4] . This paper analyzes the net ecosystem CO 2 exchange (NEE) measured in the field and simulated Simple Model Tropical Ecosystem (SITE) during the wet and dry seasons in a transition between Amazonian forest and Savanna in 2002 year.
Material and methods

Site description
A tower of 42 meters of height, with equipment was installed for collection of micrometeorological data at the coordinates 11°24.75'S, 55°19.50'W and 423 meters sea level in semi deciduous forest located approximately at 50 km northeast of Sinop, Mato Grosso, Brazil [18] .
The vegetation is composed of tree species, semideciduous such as Brosimum lactescens, Qualea paraensis and Tovomita schomburkii, with maximum height of 28 m [21] . The 30-year mean annual temperature is 24°C with little seasonal variation, and rainfall 2 m year -1 with a dry season between May-September, and a wet season between October-April. The seasonal climatology for the ecotonal semi-deciduous forest is similar to rain forest and savanna, however, the semi-deciduous forest typically has about 200 mm less rainfall per year than rain forest in northern Mato Grosso and eastern Rondônia and 500 mm more rainfall than savanna near Brasilia [19] .
The soil near the tower was a quartzarenic neosol characterized by sandy texture (84% sand, 4% silt, and 12% clay in the upper 50 cm of soil) [8] . The soils are quite sandy, poor in nutrients, with high porosity and rapidly drainage after rainfall [19] .
Meteorological and ancillary measurements
A micrometeorological tower was installed in the study area equipped with photosynthetically active radiation model LI-190 sensors (LI -COR, Lincoln, Nebraska, USA), at heights of 1, 20 and 40 m above the ground.
Air temperature and relative humidity were measured at the top of a 40 m tall tower (12-14 m above the forest canopy) using a shielded relative humidity sensor (HMP-35, Vaisala, Inc., Helsinki, Finland).
Net ecosystem CO 2 exchange measurements
Net ecosystem of CO 2 exchange (NEE) was quantified using tower-based eddy covariance, which calculates the interactions of CO 2 between the atmosphere and the forest, making the covariance between fluctuations in vertical wind speed and concentrations of CO 2 [1, 14, 15, 16, 17] . Eddy covariance technique is a modern and powerful means to directly measure net ecosystem exchange (NEE) over relatively large land areas. Eddy covariance sensors were mounted 42 m above ground level (12-14 m) above the forest canopy. The system consists of a three-dimensional sonic anemometer (CSAT-3, Campbell Scientific Inc., Logan, UT, USA) and an infrared gas analyzer of open path (LI-7500, LI-COR, Inc.Lincoln, NE , USA) and were also used to measure mean and fluctuating quantities of wind speed, temperature, water vapor. Both sensors sampled and outputted data at a rate of 10 Hz and oriented into the direction of the mean wind at the upwind side of the tower to minimize the potential for flow distortion from the tower.
Raw CO 2 and H 2 O vapor fluctuations were outputted as mean voltages and converted to densities by multiplying by the requisite calibration constants [5] stored on a laptop computer as 30-minute averages [7, 8] and stored in a datalogger (CR-5000: Campbell, Scientific Inc., Logan, UT, USA). Eddy CO 2 flux derived from the open-path gas analyzer was corrected for simultaneous fluctuations in heat and H 2 O vapor [20] . The net flux of CO 2 in the canopy was calculated using equation
where Ft is the flux measured at the top of the tower by the eddy covariance and E d the canopy CO 2 storage [2] according to equation 1.
(1)
where ΔS is the CO 2 storage between two heights, Δh is the difference between the heights and Δt the time interval.
Air samples were drawn at 1, 4, 12, 20, and 28 m above ground level using a diaphragm pump and solenoid switching system, as well as the vertical CO 2 concentration. To estimate the CO 2 was stored using a gas analyzer loop (LI 820, LI COR, Inc. Lincoln, NE, USA) installed at 10 m above the ground in the tower. The open and closed-path analyzers were calibrated every 3 weeks using a 300-and 400-μmol mol -1 standard gas and a portable dew-point generator (LI-610; Li-Cor, Lincoln,Nebraska, USA), respectively [17] .
Data collection system was monitored continuously, providing the minimum of data loss, stored every 30 minutes.
Description of SITE model
Thirty-minute micrometeorological observations from site were used to drive Simple Tropical Ecosystem Model simulations (SITE -version 1.1-0d). Observations included air temperature (T), precipitation (Ppt), wind speed (u), downward shortwave (Sin) and longwave radiation (Lin) and specific humidity (qa), developed by [10] , available at the website: http://madeira.dea.ufv.br (last access: April 14 / 2009).
Lin was estimated by equation
assuming that the effective temperature of emission canopy is similar to the absolute temperature of the air (T a ), λ is the canopy emissivity and σ is the Stephan-Boltzmann constant (5.67 x 10 -8 W m -2 K -4 ). The value of λ for the Sinop site (0.997521) was determinated according to the equation:
where, LAI is the leaf area index (m 2 m -2 ). As with other biophysical models, SITE produces output (characterized by the simulation of a specific, single "point") that is an averaged representation of the mean ecosystem response to changing environmental conditions by analysis of output variables.
The hydraulic parameters of the soil were calculated and the biophysical parameters used in the studied area were determined by analyses in loco. The parametrization of the model was used according to the original parametrization included in the SITE model. Through numerous simulations, the model was very insensitive to certain numerical ranges of some parameters. The changed parameters were maximum capacity of the enzyme Rubisco at 15°C (V max ), the thermal capacity of leaves (C HU ) and branches (C HS ) in the upper canopy, fraction of moisture in the soil (θg/θd) and coefficient of stomatal conductance (w).
SITE is available as a 1200-line FORTRAN code, and as a computer spreadsheet. The input data included air temperature (T), relative humidity (RH), wind speed (u), downward shortwave (Sin), net solar radiation (Rn), and precipitation. The output data included latent heat flux (LE) and sensible heat flux (H) and net ecosystem CO 2 exchange (NEE).
Data treatment
Sensor and/or infrastructure (i.e., power) failures caused unavoidable gaps in data collection, while short-term events such as driving rainfall and/or poor turbulent mixing led to the rejection of data. If the gap (f) was ≤ 3 hours, the following equation was applied:
where, Xi is the value to be filled, X p is the forerunner of failure and X p+f+1 is the successor of the failure.
If the gap was between 3-24 hours, this equation was applied:
[ ]
If the gap was ≥ 24 hours, the equation below was applied:
where, m is the integer part of (f/24)+1. These equations interpolated periods where there was a data gap demonstrating similar behavior to a period before and after events, at the same hour/minute. The resultant filled gaps were more realistic than just linear interpolation. The gap filling were used only for the input data of the SITE model, and was filled the data of RH (5.2% ), T (9.6%), Sin (9.8%), u (77% ) and Rn (5.2%).
The performance evaluation of the model was analyzed according to the root mean square error (RMSE), and regression analysis, through the coefficient of determination (ρ) and the inclination line (α) between the observations (X axis) and the simulated data (Y axis). Thus, α>1 represented the model tendency to overestimate the variables, and α<1, the tendency to underestimate. In addition, a variance T-test was made, to compare the observed and simulated data.
Results and discussion
The net ecosystem of CO 2 exchange estimated by field measurements in the wet season the values were +1.64 kgC ha -1 hour -1 (from 18 to 8 am), and -5.07 kgC ha -1 hour -1 (from 9 to 17h) and during the dry season the values were +0.088 kgC ha -1 hour -1 (from 18 to 8 am) and -2.25 kgC ha -1 hour -1 (from 9 to 17h). This can be justified because meteorological limitations (including temperature and humidity) to CO 2 and H 2 O exchange become proportionally greater during the dry season [18] . The annual average of carbon balance was -0.74 kgC ha -1 hour -1 , indicating a CO 2 sequestration of the atmosphere. For the same model in a tropical forest in South America found an average value of -1.21 kgC ha -1 hour -1 for the NEE [9] . A substantial part of the nighttime flux difference between windy and calm nights is compensated for by an excess emission flux (positive NEE, or NEE responding less sharply to increasing radiation) in the morning (Figure1a and 1b) .
The analysis of fluxes during the subsequent daytime hours, suggested, however, that apparent losses of CO 2 emissions in such conditions are recovered during the subsequent (later night or day time) hours. Mean values of net ecosystem of CO 2 exchange (NEE) was simulated by SITE model in the Amazon forest, which there was a very good correlation between simulated and observed data at an hourly interval [11] . In most of the times, the model reproduces well the hourly variability in the fluxes, including some details usually difficult to reproduce. For example, the peak of NEE has been occurring before noon, and the transient water vapor flux during the night. Nevertheless, the model was excessively sensitive to wind during the night, when the air of canopy is near of saturation [18] , overestimating the water vapor fluxes in these situations.
To validate the simulated NEE by SITE, the parameter fraction of moisture in the soil (θg/θd) has been configured to 0.36 and 0.165 in the wet and dry seasons, respectively. For the validation of simulated NEE during the wet and dry was used statistical analysis.
After calibration of the parameters for each season, the coefficients ρ and α between the observed and simulated data presented a considerable improvement, especially on the slope of regression line (α). The best correlation between simulated and observed NEE was during the wet season, when the mean squared error RMSE was relatively low (Table 1) . Table 1 . Intercept of the line (γ), the coefficient of determination (ρ), the slope of the regression line (α) and root mean squared error (RMSE) of simulated vs. observed NEE in the wet and dry seasons at the transitional forest. In our study area there was a good applicability of the SITE model to simulate the daily average variability, but not for reproduces well the hourly variability in the fluxes.
Season
Summary and conclusions
SITE model was chosen because it is easy to apply and it specially was developed to Amazon forest, tropical moist forest.
However when applied to semi-deciduous forest in transition area SITE required a setting of parametrization. NEE estimated during the wet season presented better results than estimated NEE during the dry season, due to the higher water availability in the season.
